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COMPRESSED AIR. 



The ever iiicrca-^ing dcniand fur less cxpeiibive modes of developing and trans- 
mitting power has led to the use of compressed air, which is an cxccc<Iingl)' convenient, 
economical, and safe form for tlic transmission and distribution of cnerg)-. 

Heretofore the nse of compressed air has been retarded because it involved for 
its generation the employment of compHcated and dehcately adjusted machinery, 
alwaj's liable to deraugcmeni ; because it necessitated highl)' skilled labor ; and because 
continual repairs and loss of time \er)' materiall)' advanced its cost, es[x;cially where 
water power was utilized (^ov compression. Freeti from these drawbacks, however, there 
is no more economical form of |jower than com])ressed air. 

Uy means of the Ta)'!or ll\draulic Air Coinpressor the cost of transforming water 
power into comj>ressed air has been rcducerl to a mitiimum. Its advantages are as 
follows : — 

1. It transforms a water p(jwcr of an\- head into compressed air of an)* desired 
pressure witlDut the u->ual intermediate losses. 

2. Low heads of water, which would otherwise be useless for the production of 
power, can be used to advantage In- this compressor. 

3. The air is compressed at a constant temperature, viz. — that of the water, and 
is con>cc]LicntI\- delixercd at a temijcrature gencrall)' below that at which it is taken into 
the compressor, fience there is no loss of ])o\\cr b\- contraction in \oIume. 

4. The air during coinprcssion is freed by the water of the greater part of its 
moisture, it being deli\ered so dry that it is impossible for condensation to take place 
during either its transmission or subsequent expansion. (See page 10 for further 
information^. 

CoiuIensati(jn and freezing of moisture in mains, etc., one of the chief obstacles to 
the use of compressed air, is entirely o\erc(.)me b\- this method of hydraulic compression, 

5. This compressor will maintain a constant pressure, even under a fluctuating 
head, without change of cfficiencv. 

6. The compressor is entire))- automatic in its action. 

7. Owing to the absence of moving niachincr>' the duration of a plant is almost 
without limit. 

8. The absence of moving machinery dispenses with skilled labor, as practically 
no attendance is required. 

9. W hen the compressed air is not used at the same rate as it is generated, it 
accumulates and may afterwards give, for a limited time, as much as double the average 
power developed b>' the compressor, without change of pressure. This storage of power 
is effected by displacement of water, and not b)- an increase of pressure. (See page 14 

for further information). 

10. A plant does not require to be covered b\- a buildinsi. 



THE USE5 OF COnPRESSED AIR. 

There is no limit to the utihzation of compressed air for mechanical purposes. It 
will drive any en<;ine which can be driven by steam, and under proper conditions gives 
much less trouble. All the attendance that is necessary for an engine using compressed 
air is to fill the lubricators and open or shut the throttle valve as required. There is no 
burning out of packing, nor trouble from water condensed in the cylinder. It can be 
applied more readily than steam to driving machines situated at some distance from the 
power source. Where steam is transmitted any distance condensation occurs, to a 
greater or less degree, causing serious loss of power. Air does not suffer an\- loss in 
this respect. 

In Machine Shops. — In large machine shops compressed air has, for this reason, a 
decided advantage over steam for driving the numerous and varied machines, stationary 
and moveable, such as pneumatic hoists, hammers, jacks, riveting machines, etc. 

In Mines. — In all well regulated mines compressed air is indispensible for 
elevating, hoisting, drilling, pumping, and tranicars, the exhaust air serving also to 
suppl\- the operatives with fresh cool air. Heretofore the expense of generating com- 
pressed air have been its chief drawback. The frequency and cost of repairs to cylinder 
compressors, and the difficulty as well as cost of transportation to and from inaccessible 
places, has. in many cases, prohibited its use. Mines are usually situated at no great 
distance from water power, where there could be installed a H)-draulic Air Compressor 
which entails no (xp€nse for operation. Mines, which iw the past have j-ielded little or no 
profit with hand work and cylinder compressors, may be worked at a considerable profit 
by using this system of hydraulic compression. 

For Street Cars.— Air may be stored in reservoirs and used for the propulsion 
of street cars. A car, so propelled, can run on any surface track by itself or in con- 
nection with any other system. It requires no trolleys nor cables, no subterranean nor 
overhead construction. Compressed air furnishes a motive power for street cars at less 
cost bcjth for installation and operation than cable, trolley, conduit-electric, storage 
battery, or any other system. One of the greatest costs of operating cable, trolley and 
conduit systems is the expense of running the cable and feeding the wires during hours 
when there is little or no traffic. With compressed air the power is used onl>- when 
actually needed, as all power stands still, except on cars actually in operation. Each 
car carries its own power, hence the street blockade, and necessary waste of power in 
connection with it, is largely avoided. 

For REFRir.KRATfON. — After the air has furnished power to an engine, it Is, If 
not preheated, exhausted at from lo" to 25^ Fahr. It may, without extra cost, be turned 
to further use for making ice, for cold storage, or for lowering the temperature and 
furnishintr fresh cool air to overheated workrooms of factories durinf? the summer. 



DESCRIPTION OF THE HYDRAULIC AIR COMPRESSOR. 

The annexed ]jcrspccti\c drawinj^ shows a complete compressor, its details being 

as follows : — - 

A. Penstock, or water supply ]>ipe. 
li. Reccivinj^ tank for water. 

C. Compressing^ PM-"-'- 

D. Air thamlxrr and scparatinj^ tank. 

E. Shaft, or well, for return water. (The required pressure is proportional to the 
depth of the water in this shaft.) 

r. Tailrace for dischar^Lje water. 

G. Tiinbcrin^'^ to support carlh. 

II. Blow-off j)ipc. 

I. Compressed aJr main. 

J. Heafl piece, consisting of — 

a. Telescoping.^ pipe, with 

b. Iicll-m(nilh casliuL; openini.^ upwards. 

c. C\'Iindrical and conoidal castnii^. 

d. Vertical air >upp!\- pipes. ^Kach pipe has at its lower cud a iuindx.T of 
smaller air inlet pi])es branching.; fr^m it towards the centre of the compressing^ I-"'p<-'-) 

c. Adjusting screws for varyin^^ the area <:>f water inlet. 

r 1 land-whccl and screw for raisinij the whole head piece. 
K. JJi>per.ser. 
1-. .\pron. 

]\I. I'ijjrs to all<n\' of the cscajjc of air from l>enealh apron and disperser. 
\. I.cl;^ 1>\' ■which the sc]>aratin;^' lank is raiscfl above the bottom <:)f the shaft to 
allow of cLrress (tf water. 

\\ Automatic reLTulatin*'' \'al\X'. 



WORKING OF THE COHPRESSOR. 

The water is convcxvd to the tank B through the penstock A, where it rises to the 
sanic lc\el as the source of snpplv. In order to start the comjjrcssor the head piece J 
must i>e lowered by means of the hand-wheel/ so that the water may be admitted 
between tlie two ca^tiiijrs /^ and r. The suppl>- of water to the compressor, and con- 
sequently the quantity of compressed air obtained, is governed by the depth to which 
the head jiiece is lowered into the water. Tlie water enters the compressing pi(>e 
between the two castings fi and r, passing; among, and in the same direction as, the small 
air inlet pipes. A partial vacuum is creatcti b\' the water at the ends of these small 
pipes and hence atmospheric pressure drives the air into the water in innumerable small 
bubbles, which are carried by the water down the compressing pipe C. During their 
downward course witli tlie water the bubbles arc com|)rcssed. the final pressure being 
jjroixirtional to the column of return water sustained in the sliaft K and tailrace F. 
The accompan\-ing diagram shows the re!ati\e sizes of the bubbles as the>- descend in a 
compressing pipe 1 16 feet in length. 
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\\ Ik-11 tliL-y r^Mch the (lis|>ci-ser 
K.theirdircctinn of im.tion ischantrcd 
alou- with that uf the water, from the 
vertical to the h<.ri/ontal. The dis- 
persor directs the mixed water and air 
towards the circnmfcroncc of the 
sepuratin- tank IJ. Its direction is 
ai:ain ch.in-cd towards the centre by 
the apron L. From thence the wateV 
flows outward, and. free of air, passes 
under the lower ed<^e of the separatini; 
tank. Diirin-; this process of travel 
in the separatin<; tank, wliich is slow 
compared w ith the motion in the com- 
pressin^r pip^ (\ tlic an- by its biioy- 
anc\- has hoeti nsjti^r through the water 
and pii^e-^ M, M. from under the ajmm 
and disperscr. to tlic top of the air 
chamber I), where it displaces the 
water. The air in the chamber is 
kept under a iiear!\- uniform jjressiire 
by the weight of the return water in 
the ^haft ami tculracc. 

The air is conve\-ed throut^h the 
main I up tile shaft to an automatic 
rei^ulatinir \al\e. and from thence 
to the en'_;mes, etc. The air pressure 
in the main and air chamber in- 
creases I lb ])cv >(.[ inch for each 
2 ft. vj in. that tlic water i> dis- 
placed tlownu'ards m tlic air chamber 
bv tlic .iceumuhitinu air. The vari- 
ation in pa-e-i^ure from thi^ source 
^\"ill not be more than 3 lbs. pcv sq. 
inch m a working plant A^ the 
automatic xah'C reciuirc-^ a cr.ani;e 
of only I lb. |>er st]. inch pressure to 
close it c 'inpletel)-, it will be e\ idcnt 
that, hy proper!)' adjusting the Aalve, 
some air can ah\a\-s be retained in the 
air chamber, and that the Avatcr can 
be preventerl from ever reaching the 
iniet to the air main. If a large (juan- 
tit\' f)f air has accumulated in the 
chamber, the \ ahe allows of its free 
passage aUmg the main ; but when the 
air is l)eing used more quicklj' than it 
is accumulating, and the pressure de- 
creases bckiW a certain point because 
the chamber is near!)- emptied of air, 
the wilve shuts partiall\-, or com- 
pletely, adjusting itself to the supply 
fr-^m the compre.ssor. 

When the air has displaced the 
water almost to the lower end of the 
compressing pipe, it escapes through 
the hlow-(»rf i>ip(' 1 I. 
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THE MAGOG COHPRESSOR. 

The first Ilv'draulic Air Compressor \v;is installed fiif the Dtjminion Cotton Mills 
Coin|);uiy, limited, to fumisli power f'T their print works at Magog, Quebec, 

Printing operations necessitate a great \ariation in the speed of the machines, the 
engines, from which they derive power, running at any number of revolutions between 
20 and 300 i>cr minute. These conditions cannot be quickly and successfully attained 
b)' combinations of ]julle\s. j-^ach machine must» therefore, have its own engine, since 
two, or more, machines running at iliffcrcnt and varying speeds cannot readily oerive 
]>ower from the same main shaft. 

The cotton mill j^ropcr uses water power; while the printing machmcs had been 
driven bv steam. Two attemjjts, both of ^\ hich were unsuccessful, had been made 
by a well known firm, to utilize the surplus power from one of the turbines to 
produce compressed air for the engines of thc^e printing machines. In the first 
instance, there was installed a duplex compressor (cylinders 16" x 24"), which was 
supposcfl to be quite large enough to supply the air necessary to dri\c /wr printing 
machines. This It utterl\- failed to do. Ne.xt the diameter of the compressor cylinders 
was enlarged to 20" x 24". Again it failed to supjily enough air, and the turbine, the 
surplus power derivable from which was estimated at 300 H. P., was overloaded, seriously 
interfering with the other work being done b}- it. In the attempt to supply sufficient 
air, these compressors were driven at such a speed that it was impossible to keep the 
journals cool, even with the large quantity of oil used. The demands made upon the 
second compressor resulted in the termination of its usefulness in less than two weeks. 

The installation of the present Hydraulic Air Compressor was attended with much 
prejudice and no little opposition from several engineers of rather high standing. On 
account of the previous experiences with c)*linder compressors, it was with difficult)* also 
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that the Duininii.u Cotton Mills Co. whs induced l<> ^dvc the Hy<lranlic Air Con-.pre5;sor 
a iriiil. The .success allaine<l hy this plant has. houever, convinced all those who 
doubted the feasibility of the invention. Accordinj^ to tests made on the 7th. and 13th. 
Aug., iS(X>, by IVof. C. II. IMcLeod. Ma. K.. of McGill L'nivcrsit>. this compressor gives 
(>2 p.c. of the actual power of the water used, and delivers o\cr 155 II. I', in compressed 
:ur. This efficiency is secured in spite of the fact th.at 20 p. c. of the air is lost 
because i>( inefficient .separation. This defect is due tr) the separating chamber being a 
little too small, a condition easily guarded a-ainst in other plants. In future an efficiency 
of not le-^s than 75 p. c. may be coimted n]>on. 

The air was fir->t u.ed in tlic engines on the I2th Aug., i 896, and since that date. 
it has provided power as rcf] irtd for seven i)rinting machines, each of which is driven 
by a ])air of engines with 8 in. x IJ in. cylinders. It also furnishes jK.wer at night for 
the feed pumps of tlie boilers, the machine slu>p. and other purposes. The air pressure. 
uniform at all times whether su])pl>Ing one or mere engines, is |; 2 lbs. per .sq. inch. 
The comprcs-.or rrciiiircs no attention other than starting and sto))ping it. 



MOISTURE CONTAINED BY AIR BEFORE AND AFTER 

COMPRESSION. 



As before mentioned, one (.f the chief obstacles U) the use of compressed air irAS 
liKKN the condensation of water vapour from the air. It is a well known fact that watci 
vapor may be condense<l b/ a f.dl in temperature, and also by an increase in pressure, 
riio atmosphere holds varying amounts of A\ater vapor depending almost wholly on its 
temper.ilurc. At J'^ d.-grees j-ahr. i cubic foot of air can hold 10 grains of water vapor. 
Under average conciitions it holds 7 or 8. Suppose I cubic foot of air to be compressed 
from atnv>sirheric pressure (i4-7 il>^. V^^ ^M- ^^^^^^-) t<> 'OO lbs. gauge pressure. The 
vclume of the air and vapor will be reduced to ^i (about.) The temijeratureof the air 
rises during comprcs.sion. The effect (jf the rise of temperature upon the vapor contained 
in the air.""when no cooling device is used, exceeds the effect r.f the increase in pressure 
and no condensation takes i>lace during compression. lUit the air must, during 
transmissitm, lose heat and return to about the same temperature as before compression. 
Consc(iuentl>' fn.m --4 to 7^ of the vajKir will be condensed, because one cubic foot at 
the hi'dier temperature holds eight times as much vapor as one cubic foot of the 
atmosphere. Hence the water will constantly collect in the air mains, and in cold 
wcatiier will freeze and obstruct the passage of air. 

During short transmission the air may not suffer a great fall in temperature, and 
may carry the larger jjortion of the vapor with it to the engines, etc. Hut the sudden 
and considerable fall in temperature, caused b>' the air expanding against the resistance 
of the piston, is sufficient n<jt only to co..deusc, but also to freeze the moisture in the 
cylinder and exhaust ports of the engine. This is a continual source of trouble in 
n'lany instances where the air has been compressed by cylinder compressors. 

An attempt Is made, with only partial success, to overcome this difficulty by having 
a lar^c receiver where the air may cool down and deposit its moisture after compression 
and before it is used. If, also, the mains are well protected, freezing, and much of the 
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condensation uill bo prevented. The above device, however, will not. in most cases, free 
the air of iiKjisture sufficiently to ensure absence of freezing in the en^nnes, when there 

i-; no j>rchcatin^. 

In the lly<lraulic Air Compressor a bubble of air, while passing- down the 
compressin<; pipe, is kept cool by the body of water surrounding' it. The process of 
compression is comparatively slow, occupying; from 15 to 25 seconds. The temperature 
of the water is scarcely affected by the heat which it receives from the air during 
compression ^the heat rccpiircd to raise I cubic foot of water from one temperature to 
any other bcin^' about 3,500 times as much as that necessary to produce the same chan^'c 
of temperature with 1 cubic f(«jt of air). The bubble of air is compressed at a constant 
temperature ■ i. e. isothennall) .; the temperature beini; that of the water, and the excess 
of moisture, caused l)y the -gradually increasing,' pressure, is deposited on the walls of the 
bubble. Thus it is evident that the air is collected in the separating; tank at the low 
tcmpcratm-e of the water and as dry as it is possible to obtain it. B\' a test made by 
Trof. C. I i. McLeod, Ma. K., of McGill University, on 50 cubic feet of air hydraulically 
compressed to 52 lbs. ^'au^^e pressure, it was found that the expanded air contained only 
I of the vapor usually coni.niied in the atmosphere durini; fine weather (or 14 per 
cent, of ^aturati<Jn;. This test was made while the compressor was deliverin*,^ through 
ihc main 1,500 cubic feet of air ]:)cr minute. 

On March 20 ami 21, 1X97, a pair (»f 7 in. x lO in. engines were run, under a full 
lond, by the air delivered direct from the Cf)inpressor» without preheating', for 40 hours 
cnntinuou'lv-, uitliunt sho\v iul; an\' sign of a moisture deposit on the interior of the 

exhaust. 

At the same time the considerable fall in temperature from the cxpandinj^ air was 
such as to produce, b\- condensation of the atmos]-)heric moisture, a heav\- coatin*^ of 
ice on the <n(tiitie "f the exhaust ]:)ipc. 



THE HOST ECONOniCAL PRESSURE FOR AIR. 

The best pressure, consistent w ith economy, depends upon the distance the air has 
to be ir.uismitted, and also ui>on the use to wliich it is to be applied. 

Low rRKSSL'KKS are apj^licable when the water snppl)' is situated at no j^rcat 
distance (^'a\\ under one mile from the place where the power is to be applied. The 
most economical pressure, under these circumstances, is from 30 tc "5 lbs. per sq. inch, 
accordin;^' to the hea<i of water. A low pressure is rather moreefficent with a low head. 

The H\(lraulic Air Compressor differs from cylinder compressors in that it takes 
in a i^reater \'olunie of free air \\hen it has to dcli\cr it at a low .pressure/ and a less 
volume where the pressure required is i^rcatcr. If a compressor is installed to furnish 
a statctl power to an engine adapted to the use of air, it is more cc(.rtomica) to use the 
30-Ib. pressure with a larjje area of piston, than a hi<^hcr pressure witli a smaller piston 
area. The increased cost of the cylinder and piston (the only parts which would vary 
in size; would, for the lower pressure, amount to only a small fraction of the increased 
cost of construction of the compressor for the higher pressure. For example, .in engine 
with a 14^ inch piston. workin<T economicall>- under an air pressure of 30 lbs. per 
sq. inch, will ^i\c the same brake horse power as another with a 12 inch piston working 
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under 60 lbs. pressure. It must be remembered that the diameter of tlie c} Under and 
piston of the first en^nne arc the only dimensions which require to differ nuiteriall)- from 
those of the second engine, as the mean effective pressure on the piston-rod i^ tlie same 
in both cases. 

Pressures ISETWEEN 75 and J50 eijs. i-er S(j. inch. — In order lo transmit com- 
pressed air, distances varying from 5 to 23 miles, the pressure neccssar)- ranges from 75 
to 250 lbs. per sq. inch. The conditions to be considered in transmitting a stated p<)\ver 
are, the size of pipe, the pressure, and the velocity of transmission. The air may be 
used to better advantage at low pressure; but the advantage gained thereby is more 
than counterbalanced by the additional cost of the larger pipe for low pressures. The 
transmission velocity is an important factor, since at high velocities there is a consider- 
able loss of energy on account of pipe friction. This lo.ss increases rapid!}- as the size of 
pipe diminishes, \Vhere the water pow cr is abundant, the loss in pressure, due to pipe 
friction, may not require to be considered in comparison with the sa\'ing in cost effected 
by using the smaller pipe. Power is not proportional to pressure, since a drop in 
pressure from 250 to 100 lbs. per sq. inch, caused by pipe frictitju or throttling, entails 
a loss of only 29 p. c. of the power of the air. This statement may ap]>car to be an 
exae^eration, but it is easily understood from the following: 15.6 cubic feet of free air 
compresses to 2 cubic feet at a pressure of 100 lbs. per square inch, or to i cubic foot at 
215 lbs. 2 cubic feet of air per second at the lower pressure represents T23.4 H. 1*. ; 
I cubic foot per second at the higher pres-^urc. 165.3 H. P. This shows a drop in power 
of 25.3 per cent, from 215 lbs. to 100 Ib'^. per square inch. See pages 18, 19 and 20. 

For long transmission, high pressure has, for reasons to be specified, some \ery 
decided advantages over low pressure. P^or example, consider the two cases of air 
transmitted through pipes (;f equal diameters, at a velocity of 20 feet per second, under 
pressures of ICX) and 215 lbs. per sq. inch respectively (the absolute pressure in the 
.second case being double that in the first). At 215 lbs. the air is compressed to half the 
volume at 100 lbs., so that double the quantity of free air is transmitted under the former 
as under the latter pressure. The power transmitted under the high pressure is 2^ 
times that transmitted under the low pressure. The percentage loss of pressure frc^m 
pipe friction does not differ sensibly in the two cases, being less than 2 p.c. ])cr milu for 
pipes of 9 inches diameter. At 215 lbs. the loss in i>ower is less than 0.8 p.c. for one 
mile. Again, for a transmission speed of 30 feet per second the i)ercentage loss of 
pressure per mile, for a 9 inch pipe, is S-7 pc- ; ^t 2 I 5 Ibv. the loss of power for one 
mile is not over 1.5 p.c. 

It is not desirable to transmit compre.sscd air under much higher pressure than 250 
lbs. per sq. inch, as high pressures require specially constructed and more expensive pipe, 
and the loss from leakage will be considerable. Where pressures of 1000 lbs. per .^cj. 
inch, and upwards, are required, (as, for example, on street cars or for storage,) it is 
advisable to transmit a lower pressure (250 Ibs.J to a centra! station where a smal! 
portion of the air may be used to further compress the balance to the desired pressure 
It is easily estimated that the compressing cylinder capacit)- in a plant required t( 
compress from 250 to 2000 lbs. per sq. inch would be only one-eighth the capacity 
ry when the compression is to be effected from atmospheric pressure upwards. 
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THE STORING OF POWER IN THE SHAPE OF 

COMPRESSED AIR. 

I 

The Taylor Hyciraulic Air Compressor provides a simple means tjf storing the 
ener^ry derived from water power. A constant flow of water throuiih a compressor will 
give a constant supply of compressed air If this air is used to drive an engine which in 
turn provides power for saw mills, factories, etc., where the power is used intermittently. 
the eni,Mne will use no more air than is necessary to keep it in motion while doing no 
useful work, the surplus air provided by the compress<jr meantime accumulating in 
the separating tank. It is evident, therefore, that if the air is used for half, or less than 
half, the time (as is frequently the case; a lOO H. P. water fall may drive engines using 
as high as 200 l\. P. or more. The storing of power in this way does not necessitate a 
fluctutation in pressure, since it is effected by displacing the water in the .separating tank 
of the compressor. 

REHEATING COnPRESSED AIR. 

If air at 35' Fah. is heated at a constant jjrcssure, its volume will be increased 
:f|j for each degree over 35'. At 350' F., therefore, its volume will be I f || of its 
volume at 35'; and at 400' F., it will be i^ff. 

To ascertain wliat will be the increase in volume between any other temperature 
(e. g. 65 I. , and 350 F.. it is onl>' necessary to compare the volume of one cubic foot 
of air heatc<l from 35 I', to each of those temperatures. For 6y^ F., it is l^^ (or, i^/, 
and for 350" F., it^-^ 1^4 ^or, Hr)- Comparing these (JJ| -^ M = Ht = "Ur). there 
is obtained the increase 'l?i^ in volume between 65' and 350 F. See Table, pages 

16 and 17. 

The power of compressed air is increased proportionately as its volume is increased 
by heating. There is no limit to the additional power which may be imparted to com- 
pressed air b>- raising its temperature; but the practical limit is reached at about 400* 
Fah., since o\cr that temperature the heat will seriousl\- injure the motor. The reheat- 
ing of air, and resultant increase of power, may be effected with a trifling consumption 
of coal compared with the consumption iiecessar)' to secure an equal power from steam. 

Reheating is accomplished by two methods: — by passing the air through a spiral 
coil pipe abo\-e a furnace fire ; — b\- passing the air through water in a boiler or tank 
where the water is kept at a tcmijerature which \ aries according to the pressure cmi)lo\-ed. 

Till: Rkiieatkr. — Professor Nicolson, of McGill Universit)-, in a paper read be- 
fore the Canadian Society of Civil Engineers, makes the following statements regarding 
the reheating of compressed air by the first method. "Without preheating, one horse 
power in a distant steam engine was found to give O.61 1 1. F. on the m(jtor brake- 
W'ith preheating to 400 Fah., 1 H. P. uas obtained. Hence, 0.39 H. P. is obtained by 
an additional expenditure of 0.3 pounds of coal, or 0.3 -rO.39 =0.77 pounds of coal per 
horse power per hour. 

" It has long been the custom in Paris to use a small stove, through which the 
compressed air is passed before being used in the motor. For a i horse power motor 
the air can be heated from 60" to 400^ P"ah. at an expenditure of 0.44 pounds of coke 
screenings per hour; while for a 40 horse power motor the preheater will onl)' require 
0.22 pounds of fuel per horse power per hour." 



IS 



Moi>T IlKATIXO-With regard to the second nicthod, the following' is quoted 
from 1 [. Haupt, consult.ng engineer of the General Compres.sed Air Company of New 
York :- A.r, before being utilized in the cylmders of a motor of any descripfo.,. .s, or 
ou^ht to be, passed through a tank of water at a temperature at ^vhich steam is 
ordmardy used >n a boder, preferably at about 350^' Fah. Each 50 cubic feet of free air 
IS found to absorb about one pound of water in the form of steam. The vohime of one 
pound of steam at atmospheric tension is 26 cubic feet. Hence the steam adds more 
than 50 per cent, to the volume of the air admitted into the motor cylinder But the 
air .t.self. bv increa.se of temperature, is also e.vpanded more than 50 per cent. Tliis 
c.xpansion. with the addition of steam, increases the xolume more than 100 per cent., or, 
in other words, by the simple process of re-heating, less than one-half the ucight of air 
will do the work that vvould be performed if the air «ere used cold and dry. 

"The cost of this re-heating is trifling; the coal required to re-heat and secure 
double efficiency- is less than one-eighth the coal required at the air compressor. 
(Cylinder compressors are here referred to.) 

"The Rome air motor, wlien the water was Uvkc re-heated, ran 14 miles c.n a 
consumption of 30,S cubic feet of free air per mile. When the air x^as not re-heatcrl 
the consumption of air per mile was 661 cubic feet. This f ,ct is conclusive as to the 



efficiencv of rc-heatiiiLT. 



METHOD FOR FINDING THE QUANTITY OF WATER REQUIRED TO DEVELOP 
ANY DESIRED HORSE POWER OF AIR FROM A HYDRAULIC COMPRESSOR. 
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